Predictors of quality of life outcomes after revision hip replacement were established. Although some patient-specific and surgery-specific variables were important, age, gender, Charnley class and pre-operative WOMAC function score had the most robust associations with outcome.
Predictors of quality of life outcomes after revision hip replacement were established. Although some patient-specific and surgery-specific variables were important, age, gender, Charnley class and pre-operative WOMAC function score had the most robust associations with outcome.
In an ageing population it is expected that the requirement for joint replacement and subsequent revision will continue to increase. In the USA, an estimated one-quarter of the projected total adult population of 67 million will have medically-diagnosed arthritis by the year 2030 compared with the 42.7 million in 2002. 1 In the last decade in the USA, the number of primary and revision hip procedures increased by 50% and 60%, respectively. 2 Those patients requiring revision surgery place a greater financial burden on health-care expenditure, as they require longer hospital stays and generally have higher rates of morbidity, 3 and derive less improvement in quality of life compared with patients receiving primary total hip replacement (THR). 4, 5 There have been many long-term follow-up studies of clinical and technological features of revision THR defining outcome in terms of survival, with most efforts concentrating on the technical aspects of this intervention to improve the success rate further. [6] [7] [8] However, there are only a few short-term studies addressing quality of life outcomes following revision THR using validated measures. 5, [9] [10] [11] One meta-analysis has attempted to assess the impact of patient-, surgical-and implantrelated factors on the outcomes of revision THR, but there were insufficient data to identify factors associated with improved functional rather than technical outcomes. 12 Recently, Davis et al 11 showed that preoperative pain and comborbidity were significant predictors of pain two years after revision hip arthroplasty. They identified a trend which did not reach statistical significance towards pre-operative function predicting function at two years.
The aims of our prospective study were to describe quality of life outcomes following revision THR at one and two years using the Western Ontario and McMaster Osteoarthritis Index (WOMAC) scale, 13 the Short Form 12 (SF-12) 14 and the University of California Los Angeles (UCLA) activity score, 15 and, more importantly, to identify factors that predict physical function, pain and activity at follow-up.
Patients and Methods
A total of 235 patients undergoing revision THR were prospectively recruited to the study, for which Institutional Review Board approval had been obtained. The revision THRs were performed by four participating surgeons (BAM, NVG, CPD, DSG) at our institution between April 2001 and March 2004. Patients were considered eligible for inclusion if either the acetabular or the femoral components, or both, were revised for any reason including aseptic loosening, periprosthetic fracture, infection or instability. Patients undergoing an isolated replacement of the polyethylene liner or femoral head, or those for whom a tumour prosthesis was required, were excluded. Patients who were not fluent in English or unable to understand and complete the questionnaires were also excluded. Pre-operative data were recorded on admission to hospital and at one-and two-year follow-up in a longitudinal database.
All patients completed a WOMAC and an SF-12 questionnaire at the time of admission. At follow-up, WOMAC, SF-12 and UCLA activity rating questionnaires were collected. The WOMAC is a self-administered multidimensional index containing dimensions for pain (five items), stiffness (two items), and function (17 items). Each item is represented by a Likert scale 16 response between 0 (best health state) and 4 (worst state). We normalised each raw score into the 0 to 100 scale, with 0 being the worst quality of life and 100 the best. 13 The SF-12 mental component score is a subscale of the Short Form 36 and is calculated on a 0 to 100 worst to best scale. 14 The UCLA activity rating has ten descriptive activity levels, ranging from wholly inactive and dependent on others (level 1), to moderate activities such as unlimited housework and shopping (level 6), to regular participation in impact sports such as jogging or tennis (level 10). 15 The one-to two-year questionnaires were returned by 222 patients, giving a response rate of 94%. Of these patients, there were 99 men and 123 women with a mean age of 65 years (23 to 96). The mean follow-up for these patients was 1.8 years (1 to 3).
Surgical details, comorbidities and complications were obtained from the patient records and the hospital complications database by an independent orthopaedic clinical fellow (GSB). The Charnley classification 17 was used for the assessment of comorbidity; class A patients have an ipsilateral joint replacement; class B1, an ipsilateral joint replacement with degenerative change in the contralateral hip; class B2 have both hips replaced, and class C have multiple joint disease or other disabilities leading to difficulties in walking.
Ordinal regression models were used to assess predictors of pain, function and activity level. 18 The dependent variables were WOMAC function, WOMAC pain and UCLA activity. The outcome values for these were divided into three-part categorical responses (poor (0 to 63), good (64 to 85), and excellent (86 to 100)), and the proportional odds model used for analysis of outcome variables with calculation of odds ratio (OR) for selected covariates. This model calculated a single OR and 95% confidence intervals (CI) for each covariate, independent of the rank of the response category. The assumptions of proportionality across thresholds was tested. 19 Summary proportional ORs and CIs were then calculated for selected independent variables which included various demographic and surgical parameters. The covariates tested in all analyses included patient characteristics such as age, gender, body mass index (BMI) and Charnley class 17 (A, B1, B2 or C); pre-operative quality of life, such as preoperative WOMAC function score (continuous), preoperative WOMAC pain score (continuous) and preoperative SF-12 mental component score (continuous); surgical parameters such as duration of operation in minutes, the surgeon (one of four participating fellowshiptrained surgeons, (BAM, NVG, CPD, DSG)), prior revisions (yes, no), acetabular or femoral component revision or both, indication for revision (aseptic loosening, and other causes including instability, infection, fracture), surgical approach (posterolateral, anterolateral, extended trochanteric osteotomy), femoral head size (< 28 mm, 28 mm, > 28 mm), use of bone graft (morsellised or structural), and the presence or absence of peri-and post-operative complications. Statistical analysis was performed using the SAS version 9.1 (SAS Institute, Cary, North California) software package.
The difference between pre-operative and follow-up scores was used to show improvements in WOMAC function and pain, and SF-12 (mental component) scores. This was analysed using a t -test.
In the proportional odds model for each covariate outputs included an estimate of the regression coefficient, its standard error, Wald chi-squared statistic, p-value and the corresponding OR and confidence limits. Statisitical significance was set at a p-value of < 0.05.
Results
The demographic details of the study cohort are summarised in Table I . Complications occurred in 32 patients (14%), the most common being an intra-operative fracture of the femur, which occurred in 22 (9.9%) ( Table II) . There were no deaths.
There was a significant improvement ( t -test, p < 0.05) in all patients' post-operative quality of life scores from the pre-operative scores (Table III) . The change in scores for WOMAC function were 25.6 ( t -test, p < 0.001 power = 1), WOMAC pain 28.8 ( t -test, p < 0.001 power = 1) and SF-12 mental component 6.0 ( t -test, p < 0.001 power = 1). The UCLA activity was not recorded preoperatively, but the follow-up scores remained static between one and two years. The assessment of independent predictors of quality of life outcomes (WOMAC function and pain, and UCLA activity) are shown in Tables IV to VI.  Table IV indicates that the pre-operative WOMAC function score was predictive of the post-operative WOMAC function score. With an increasing pre-operative score, the OR for improving post-operative function was 1.03 (95% CI 1.01 to 1.04). Other predictive factors of increased functional outcome are patient age between 60 and 70 years, male gender, lower Charnley class and the indication for revision being aseptic loosening rather than other causes. Table V demonstrates that for WOMAC pain as an outcome variable, factors predictive of improving category outcome included a higher pre-operative WOMAC function score (OR 1.03; 95% CI, 1.01 to 1.04). The pre-operative WOMAC pain score did not predict final outcome for pain. The surgical parameter predictive of the final WOMAC pain (Table VI) , factors predictive of improvement included a higher pre-operative WOMAC function score, aseptic loosening as the indication for the operation, and the operating surgeon. There was a trend for lower Charnley class to be associated with an improved outcome, but this just failed to reach statistical significance (OR 1.29; 95% CI, 1.00 to 1.67, ordinal regression analysis, p = 0.053).
The following covariates did not have a statistically significant predictive value for any of the three quality of life outcomes: if the patient had an isolated acetabular com- 
Discussion
The majority of studies on revision THR report on rerevision rates, complication rates and function using a variety of hip rating scales on short-to mid-term results. 20, 21 Several authors have investigated health-related outcomes with respect to economic benefits, 22 changes in pain, mobility, and the activities of daily life. 23, 24 A few have reported results based on validated disease-specific patient-centred outcome measures, 5, 25 but only one recent study has reported on the predictors of quality of life outcomes following revision THR.
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Although revision THR is a technically demanding operation, our results show that patients obtain favourable outcomes. Most patients achieved significant improvements in WOMAC subscales and SF-12 scores.
Our results show that in all quality of life scores the preoperative functional score predicts outcome in relation to function, pain and activity. This concurs with evidence available for primary THR that patient's with poorer preoperative function have poor post-operative scores. 26, 27 In the study by Davis et al 11 the pre-operative function of their revision THR patients did not predict the function at 24 months post-operatively, although a trend was observed. With a larger sample size we have shown that pre-operative function is an important predictor of post-operative function.
When considering predictors of pain, a low pre-operative WOMAC function, age less than 60 years, female gender, a high Charnley class and previous revision were associated with a worse outcome. Psychosocial variables can influence the pain response, 28 but the SF-12 (mental component) was poorly correlated with the follow-up WOMAC pain score and was shown not to be a predictor in our cohort, although this questionnaire may not have been sufficiently sensitive to identify a difference.
Predictors of poor WOMAC function included age over 70 years. Previous reports have highlighted that older patients with self-reported conditions restricting mobility as well as arthritic pain in the hip are at a higher risk of physical dysfunction and psychological distress. 29 The effect of age on outcome has been variably reported in the literature. 30 Field, Cronin and Singh 31 reported that patients under the age of 60 undergoing revision hip replacement had better outcomes than those over the age of 80. In our cohort, a younger age appears to be more important for improvement in physical function than for improvement in pain scores, as reported by others. 30 The influence of gender on outcome has been documented previously, with males having greater improvement after primary THR or total knee replacement with respect to social function, mental health, energy and pain scores. 32 Holtzman, Saleh and Kane 33 observed similar differences between the genders. In their study, males had a significantly higher activity of daily living score at one year postoperatively. However, other authors have found no difference between pre-and post-operative WOMAC or SF-36 scores. 30 The impact of Charnley class was profound and affected all parameters assessed. The extent of the change in function with time was markedly dependent on the Charnley class, with a higher class being associated with worse function and pain score. It has been suggested that comorbidities in older patients may explain why health-related quality of life is further reduced in this subgroup after surgery. 34 Predictors of improvement of UCLA activity category include a higher pre-operative WOMAC function score, the surgeon performing the operation, and aseptic loosening as the indication for revision. The surgeon factor might be related to different post-operative protocols but this was not specifically examined in this study. A strength of this study was the examination of outcome of the work of four surgeons in a single institution who followed similar treatment algorithms with the same instrumentation, and implants, with 94% of possible participating patients returning questionnaires, which can probably be considered representative of the group as a whole. This is only the second study to look at predictors of outcome after revision THR. We have examined numerous variables that have not previously been addressed. Additionally, this study outlines factors predictive not only of pain and function but of activity level. The study by Davis et al 11 found that preoperative pain and comorbidity were the only factors predictive of outcome. In our study, other factors were also found to be predictive of outcome, including indication for revision, age, gender, and number of previous revisions.
Another strength is the use of the proportional odds model, which is simple to use and produces an interpretable parameter that summarises the effect between groups over all levels of outcome. The important predictors for function, pain and activity outcome are shown in Table VII . The variables that were not statistically significant in our regression model may have been a result of small sample size. Future studies with more patients should be undertaken to explore these variables further.
One limitation of the study was the short-term follow-up. Continued follow-up of this cohort will be essential to determine trends for long-term outcome. In addition, when examining outcome against the indication for revision, causes such as infection, instability and fracture had to be grouped into one category as the numbers were small. If larger numbers had been assessed, then further categorisation might have been possible within these subgroups.
In conclusion, this prospective study has shown that most patients had improvement in quality of life outcomes after revision THR. We have identified predictors of function, pain and activity which can assist the orthopaedic surgeon in advising patients and setting realistic goals and expectations for patients.
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